In the above, the exponential relationship between the pre-consolidation pressure and the strain rate can be determined by using two expressions (Kobayashi et al. 2005) .
The first expression is expressed by Eq (2), where the relationship between ln ′ and lṅ is linear, the model may seem unrealistic as ′ becomes zero when ̇ decreases to zero. Therefore, a second expression (i.e. Eq 3) has been proposed to remediate this condition, where ′ is introduced as a lower limit of ′ so when ̇ decreases to zero in Eq (3), ′ converges to ′ .
The exponential form Eq (3) can be shown to yield Eq (4) in logarithmic form:
where ′ = , 3.63 × 10 -3 and 6.33, respectively ( Fig. 3 ).
156 Figure 4 shows a soil with a pre-consolidation pressure ( ′ ) of soil that has been loaded 157 from an initial effective stress of σ ′ v0 to the final effective stress σ ′ v in the laboratory 158 environment and therefore the corresponding strain rate for the sample is 1 . For a given
The first term ∆ ′ is an increase in effective stress due to the dissipation of excess pore-161 water whereas the second term (∆ ′) is an increase in effective stress due to delayed 162 consolidation caused by the viscosity of clay. In order to estimate ∆ ′, the strain rate 163 dependency of preconsolidation pressure can be employed using the following relationship:
where 0 ′ corresponds to the laboratory pre-consolidation pressure which corresponds to a 165 strain rate of 1 × 10 −07 −1 , and (̇) ′ is the preconsolidation pressure at a given strain rate 166 (). It should be noted that the strain rate can affect the location of (̇) ′ in isotaches. The 167 strain rate can be estimated using the following formulation:
where 100 ∆ 100 are the strain and time at the degree of consolidation based on pore 169 pressure equal to 100% (U100) respectively; these parameters can be calculated based on the 170 formulations proposed earlier by Indraratna et al. (2005) , so once the strain rate () is known,
′ can be calculated using Equation (6).
172
After estimating ∆ ′ using Eq. (8), the term σ ′ v can be calculated from the following 173 equation:
Here the term σ ′ v represents the corresponding value of effective stress on x-axis after considering delayed consolidation. Once ′ has been calculated, the dissipation of excess pore water pressure and consolidation settlement ( ) can then be determined using the 177 formulations as elaborated below:
compressibility and permeability of soil, so the excess pore pressure at a radial distance r 180 from the centre of drain at any time t ( ) while considering the linear variation of 181 permeability in the smear zone, can be calculated by:
In the above expressions, is the radius of the drain and is the equivalent diameter of the 184 soil cylinder which is a function of drain spacing. Similarly, is the radius of the smear zone 185 and is the permeability index.
186
The modified time factor ℎ * for radial consolidation with a vertical drain that includes the 187 smear effect can be expressed by the following relationships:
188 t, can be calculated as:
Similarly, the consolidation settlement ( ) can be calculated using the following formulation: The total settlement ( ) consists of consolidation settlement due to the dissipation of excess 197 pore pressure ( ) and delayed settlement ( ) which is calculated by using the variation of 198 secondary consolidation coefficient with the strain rate as shown in Fig. 5(b) .
The degree of consolidation (DOC) based on the settlement and the excess pore 200 water pressure (EPWP), means that can be now determined by:
and
where represent settlement at any time and ultimate settlement, whereas 203 0 represent the initial excess pore water pressure to be dissipated and excess pore 204 water pressure at a given time t, respectively.
205
The slope (α) of the log ( and it increased linearly with depth. Several in-situ and laboratory experiments were also 332 carried out to obtain the soil parameters required for the analysis.
333
An embankment (4.74m high) was constructed above the soft soil in two stages. In the first 334 stage the embankment was raised to a height of 2.57m, and then fill was added until it Fig. 15 .
339
The average field strain rate is calculated as 6.78×10 -11 s -1 based on which a ratio of field pre-340 consolidation pressure / laboratory pre-consolidation pressure equals to 0.79. These 341 parameters were used to calculate the current model. Table 6 provides the drain and strain 342 rate dependency ratio to convert the laboratory pre-consolidation pressure into the field pre-343 consolidation pressure. Table 7 presents the parameters for the sub-soil layer with 344 corresponding pre-consolidation pressures. Figure 16 shows the staged construction, time 345 surface settlement curve, and EPWP dissipation at 3m deep pattern of Muar clay of the 346 current isotache model in comparison with the earlier models by Yin and Graham (1989) and
347 Indraratna and Redana (2000) . The settlement predicted by the current model predicts the 348 field data more accurately although the difference between the three models is not very 349 significant, except at t >300 days. The dissipation of excess pore water pressure is very slow 350 and the remaining EPWP after 300 days is approximately 65 kPa. When the proposed model 351 is applied with a pre-consolidation pressure ratio (laboratory to field) of 0.79, the EPWP 352 dissipation curve with the current model represents a much closer comparison with field data 353 in relation to those by Yin and Graham (1989) and Indraratna and Redana (2000) . The rate of 354 pore pressure dissipation is fastest for Indraratna and Redana (2000) 
